We present the first hedonic house price indexes for Costa Rica at the national and provincial level, and for both the public and private sectors. Our indexes, which focus on building costs, show that the real quality-adjusted price of new residential structures rose by 10 percent over the period 2000-2013. Important differences emerge when we compare the public and private sectors. The average quality of private housing rose strongly during our sample period, while the average quality of public housing fell. Recipients of public housing therefore became worse off. The fall in quality was matched by a fall in price in the public sector, and hence generated cost savings for the government. Also, by estimating separate hedonic models for the public and private sectors, we show that public sector housing would not be produced more cheaply in the private sector. In this sense the public sector seems quite efficient. (JEL. C43; E31; R28; R31)
Introduction
Housing is among the most prominent markets in terms of its impact on welfare and its connectedness to other sectors of the economy. Adequate housing supports quality of life via poverty reduction, improvements in public health and education (Kling, Liebman and Katz 2007) , and by fostering social capital and economic growth (Immergluck and Smith 2006) . Housing is also the biggest component of household wealth (Case, Quigley and Shiller 2013) .
Beyond the direct impact on households' well-being, strong connections exist between the housing sector and the rest of the economy, in particular through the financial system (Greenspan and Kennedy 2007) . In many developing countries, where financial systems are shallow, homes constitute the most important or even the only collateral of households' credit activities and consequently fluctuations in house prices affect households' investment decisions. For housing to be used as collateral, however, it is necessary to be able to determine the market value of real estate properties.
When price data and relevant physical and location characteristics of homes are available (e.g., size, amenities, and geographical position), quality-adjusted house price indexes can be constructed. Such indexes allow appraisers to value properties more accurately, improve lenders' ability to reclaim their loans, and facilitate borrowers' access to credit (see Warnock and Warnock 2008) . Also, housing ministries may combine home price information with household income data to address issues related to access of low-income segments to housing finance instead of alternative mechanisms that risk distorting financial systems (e.g., subsidized interest rates). In general, house prices transmit information potentially relevant for welfare enhancing public policy and to the macroeconomy. Data collection and analysis may therefore be regarded as key policy objectives.
Realizing the numerous benefits derived from adequate housing and concomitant data, developed countries put a lot of effort into constructing house price indexes that (to varying degrees) attempt to account for possible distortions such as changes in the average quality of housing (see Table 1 ). However, it is widely observed that in a large proportion of emerging economies, like those in Latin America (LAC), there is less of a tradition of collecting such information and generating appropriate measures. Even in such cases where they do so, housing time series are often handicapped by the lack of reliable data sources and limited coverage, as the existing information is mainly available for only a few years and only in large urban areas (see Parrado, Cox and Fuenzalida 2009; DANE 2013) . These limitations can be extended upstream; publicly available data on housing starts/construction permits and construction cost indexes exist in only a few LAC countries (i.e., Brazil, Chile, Colombia, Costa Rica and Uruguay) and many authors point out that this inability to produce adequate information is a potential cause of the observed shallowness and inefficiency of housing finance systems in Latin America (Cubeddu, Tovar and Tsounta 2012; Cuevas, Lee and Bonilla 2011; Sancho, Rivera and Rosales 2012).
Insert Table 1 Here
In this study we try to take a step towards addressing these concerns for the case of Costa Rica. Every house is different both in terms of its physical characteristics and location. Simple median indexes confound changes in prices with changes in the quality of the median transacted dwelling. Hedonic indexes, which by construction adjust for quality change, are more informative about developments in the housing market. Our goal is to construct hedonic house price indexes for Costa Rica at national and provincial level, and for both the public and private sectors of the market.
To implement our hedonic regression analysis, we use quarterly observations for the period 2000-2013 from a dataset of construction permits for new houses obtained from the National Institute of Statistics and Census (NISC). The newly-built housing market represents an important share of the stock of existing units in many emerging economies (Wu, Deng and Liu 2014) . We compute hedonic and median house price indexes, and then compare them with the NISC construction cost index which is based on monthly average prices of the most common materials used by the housing-construction industry.
Our period of analysis includes a housing boom and bust characterized by high volatility in the real estate market. While land prices are not available for Costa Rica, the boom and bust can be seen in the number of permits issued in Figure 1 
Insert Figure 1 Here
While hedonic methods have been applied previously to monitor the quality of urban life in Costa Rica (see Lora and Powell 2011, and Hall, Madrigal and Robalino 2008) , to the best of our knowledge there have been no previous attempts to construct hedonic house price indexes for Costa Rica. We find that the quality-adjusted real price of newly built housing has stayed more or less constant during our sample period. It is also interesting to consider how the average quality of new-builds is changing over time. Comparing hedonic and median indexes, we find that the quality of newly built private housing rose strongly, while the quality of public housing fell during our sample period. Recipients of public housing therefore became worse off. The fall in quality was matched by a fall in price in the public sector, and hence generated cost savings for the government. Also, by estimating separate hedonic models for the public and private sectors, we are able to ask counterfactual questions such as: how much would each public sector house have cost if instead it had been built by the private sector? Using such an approach we demonstrate that public sector housing would not be produced more cheaply in the private sector. In this sense the public sector seems quite efficient.
The remainder of the paper is structured as follows. In section 2 we provide a brief description of the evolution of the economy during the period of interest. In section 3 we describe the methodologies employed for computing house price indexes. Section 4 describes the data set used in the empirical analysis. Section 5 presents our estimated house price and quality indexes at national and provincial level, as well as separate indexes for public and private housing. Also presented are indexes measuring changes in the average quality of new builds. Section 6 concludes.
The Costa Rican Economy and Housing Market

2000-2013
Universal access to suitable housing is a right granted by the Constitution of Costa Rica and it has been the flagship of administrations' social agendas for many years.
Resources spent by the government have emphasized the expansion of coverage by seeking universal housing access for the poor. That emphasis on coverage has proved to be beneficial but insufficient to provide the quality that households require. As Historically, the Costa Rican government has addressed housing deficits via free public housing for the poor and funding to authorized institutions to administer this system and encourage the growth of private sector housing. The system is supervised by the Real-Estate Mortgage Bank of Housing (BANHVI by its Spanish acronym), a secondtier bank that provides resources, norms, and surveillance to the entities that comprise the Housing Financial System, which includes banks and other public and private financial institutions. The BANHVI implements the national housing policy, managing public housing programs, and setting the minimum capital needed to underwrite mortgages in the private sector and functioning as a secondary market and administrator of grants.
In the last decades Costa Rican governments adjusted housing financial policies from traditional direct intervention schemes to acting mostly as a facilitator of private action (see Delgadillo 2007; Gonzales-Arrieta 2005) . Government efforts to broaden participation of the private sector have played an important role in expanding the housing market.
During the mid 1990s the country enacted changes in the regulatory measures of its financial system to level the playing field between private and public banks, strengthening competition in the market and allowing the participation of international institutions (see Sancho, Rivera and Rosales 2012). International standards and modernized credit information systems were implemented to better gauge the credit worthiness of debtors.
As a result of these structural reforms, the aggregate value of the financial sector increased from 3.7 percent of GDP in 1991 to 6.4 percent in 2012.
1 As a consequence, housing credit in the private sector showed a steady growth during the 1990s with an particularly from 2005 on, the average dwelling was constructed in these exclusive areas, while after 2010 beach construction plummeted and new construction permits were mainly issued for public housing. Thus, a median index will exhibit high volatility over this period, with changes in the underlying price level being swamped by changes in the quality of the median dwelling.
The volatility of median indexes can be attenuated to some extent using a stratification procedure that combines more or less homogeneous groups in the data (see de Haan and Diewert 2013).
Hedonic price indexes
A hedonic model regresses the price of a product on a vector of characteristics (whose prices are not independently observed). The hedonic equation is a reduced form that is determined by the interaction of supply and demand. Hedonic models can be used to construct quality-adjusted price indexes for residential housing. One can distinguish between a house's physical and locational attributes. Examples of the former include the number of bedrooms, construction size, and the quality of materials. Locational effects in our context are captured by provincial and district dummy variables.
Hedonic price indexes for housing can be constructed in a number of ways (see Diewert 2011 and Hill 2013 ). Here we focus exclusively on the adjacent period (AP) method.
The AP method uses a hedonic model to compare two adjacent periods. A longer time series is then obtained by splicing together the results of bilateral comparisons (e.g.,
, where P t,t+1 denotes a price index comparing periods t and t + 1). The AP method is a special case of the time-dummy method (see Hill 2013 ).
However, the AP method has the advantage of greater flexibility in that it allows the characteristic shadow prices to change for each rolling bilateral comparison.
We assume a semi-log functional form for the hedonic model. 3 A standard semi-log formulation is as follows:
where y is an H ×1 vector of log prices p h (i.e., y h = ln p h ), and h = 1, . . . , H indexes all the houses sold in say periods t and t + 1. Z is an H × C matrix of characteristics (some of which may be dummy variables), β is a C × 1 vector of characteristic shadow prices, d is a dummy variable for period t + 1, δ is the estimated coefficient on the period t + 1 dummy variable, and ε is an H × 1 vector of random errors. Finally, H and C denote respectively the number of houses that sell in the two periods being compared and the characteristics on these houses included in the data set. The first column in Z consists of ones, and hence the first element of β is an intercept.
When the objective of the exercise is to construct a quality-adjusted price index, the primary interest lies in the δ parameter which measures the period-specific fixed effect after controlling for differences in the attributes of the houses. One attraction of the semi-log AP model is that the price index between periods t and t + 1,P t,t+1 , is derived by simply exponentiating the estimated coefficientδ obtained from the hedonic model:
4 The Data Set Table 2 .
Insert Table 2 Here
For a robust analysis it was necessary to remove some outliers. This is because there is a concentration of data entry errors in the tails, caused for example by the inclusion of erroneous extra zeroes. These extreme observations can distort the results. The exclusion criteria and statistics on the number of observations deleted are provided in the Appendix in Tables A1, A2 and A3.
The geographical distribution of the available data is summarized in Table 3 which includes the observations per province and the number of districts with access to the beach. More detailed information is provided in the Appendix in Table A4 . We broke down our hedonic indexes at province level, three of them with coastlines (Guanacaste, Puntarenas, and Limon) and at district level to account for the impact of the beach on our results (one of the most desired characteristics for a high-quality house).
Insert The coefficients on all other explanatory variables had the expected sign and were statistically significant. We also recorded a sizeable rise in the estimated coefficients over time, particularly the ones corresponding to the quality of materials, probably in part because of the boom in construction activity.
Insert Table 4 Here
The estimated coefficients of the hedonic model imply that:
• An extra square meter of construction area adds about 0.7 percent to the cost of a house.
• Each additional bedroom adds about 9 percent to the cost of a house.
• Each additional room adds about 6 percent to the cost of a house.
• Using high-quality floor materials adds about 18 percent to the cost of a house.
• Using high-quality wall materials adds about 9 percent to the cost of a house.
• A house being publicly built lowers its price by 11 percent.
National level price indexes
Real house price indexes for Costa Rica are depicted in Figure 2 . (Corresponding nominal indexes are provided in the Appendix in Figure A1 ). Hedonic, median, and NISC construction materials indexes are included in Figure 2 . The volatility of the median index is quite striking. It is noticeable that the NISC series (which is only available up to 2012) is much smoother than the median series, suggesting that the NISC index is doing some kind of implicit quality adjustment. The nominal and real annual percentage growth rates are shown in Table 5 .
Insert Figure 2 Here
Insert Table 5 Here
Our hedonic index and the NISC building cost index both show that over the whole period real building prices rose about 10 percent (see Figure 2) . Nevertheless, there are important differences between the two indexes. In particular, our hedonic index shows 
Province level and beach district indexes
Real house price indexes for the seven provinces and for beach districts are depicted in Table A2 ).
Insert Figure 3 Here
The hedonic indexes for each province in Figure 3 look quite similar to the national index in Figure 2 . The median indexes are even more volatile for the provinces than at the national level. The year to year changes in the median indexes are seriously distorted by the lack of quality adjustment. A large discrepancy arises between the hedonic and median real house price indexes in Figure 3 for Heredia, due to a big increase in the share of private housing. Heredia aside, the longrun trends of the hedonic and median indexes are similar.
Changes in the quality of public and private housing
Price indexes for public and private housing are shown in Figure 4 . From Figure 4 it can be seen that the median real price index for private housing rose by more than 60 percent, while the median real price index for public housing fell by about 10 percent.
By contrast, no such differences between public and private real price trends emerge for either the NISC or hedonic indexes. According to the NISC and hedonic indexes, real public and private prices both rose by about 10 percent during our sample period.
As with Figure 2 though the NISC and hedonic indexes differ quite significantly on a year-to-year basis, particularly in 2004-5 where the hedonic index falls by about 30 percent while the NISC index is steady.
Insert Figure 4 Here
The divergent trends for public and private median indexes in Figure 4 can be attributed to changes in the average quality of public and private housing over this period.
A measure of average quality of new structures is obtained by dividing a median house price index by its corresponding hedonic price index. As can be seen from Figure 
Value for money in the public housing market?
Hedonic models can be used to ask counterfactual questions, such as how much would a particular publicly built house have cost if it had been built by the private sector. By comparing this hypothetical price with the actual building cost we can get a sense of whether the public sector is providing value for money.
This approach requires us to estimate a hedonic model specifically for the private sector. To ensure that the resulting imputations are relevant to the public sector, we restrict attention to private housing with not more than 60 square meters of living space (since almost all public housing is smaller than this). 4 The private sector hedonic model, which is estimated separately for each year t, takes the following form: 
We also consider the reverse counterfactual, where we impute what the price of private sector housing would have been if it had been built by the public sector (again restricting attention to private sector housing with a floor space not exceeding 60 square meters). This requires the estimation of a public sector version of the hedonic model in
The R priv s (pub) and R pub s (priv) indexes are shown in Figure 7 . The key result in Figure 7 is that in almost all quarters both indexes exceed 1. This means that public housing would not be cheaper if it was built by the private sector (perhaps due to economies of scale deriving from the use of standard designs), and that private housing would not be cheaper if it was built by the public sector (perhaps due to the greater discipline of free market competition).
Insert Figure 7 Here
One must therefore be careful interpreting the performance of the public housing market. At first glance the decline in average quality looks problematic. However, the quality-adjusted price has not risen. In other words, the decline in quality has been matched by a decline in price. Furthermore, public housing would not be produced more cheaply in the private sector.
5 Hence this suggests that the decline in quality can be attributed to cost cutting efforts by the government rather than contracting and monitoring problems between the government and construction companies.
Conclusion
Fluctuations in the housing sector play an integral part in overall economic well-being of countries, as they affect decisions of households and financial institutions and the government. Therefore, identifying and understanding the factors that drive residential housing prices is of critical importance to policymakers and scholars. Even so, the state of existing house price indexes in Costa Rica is still poor. There is no national database of all real estate sales, and hence it is hard to assess the movement of house prices. The same situation is observed in many other countries in Latin America.
This paper presents the first hedonic price indexes for the Costa Rican housing market. Indexes are computed at the national and provincial level, and for both the public and private housing sectors of the market using quarterly data based on construction permits from 2000-2013. Our results demonstrate the importance of quality adjustment.
Median house price indexes, which are not quality adjusted, fluctuate significantly from year to year, thus seriously undermining the information content of the index.
Our hedonic index shows that the real quality-adjusted price of new residential structures rose by about 10 percent from 2000-2013. This is broadly consistent with the existing NISC building cost index. However, the two indexes differ significantly on a year-to-year basis. In particular, according to our hedonic index building costs fell by 30 percent from [2004] [2005] . By contrast the NISC index was stable over this same period.
5 One further consideration is the location of public housing. Public housing is typically located in less desirable locations, such as the outer suburbs of cities (see for example Dohnke, Heinrichs, Kabisch, Krellenberg, and Welz 2015 for the case of Chile). We do not explore this avenue here.
We find that the quality of private housing improved over time (at least partly due to a surge in foreign investors), while the quality of public housing deteriorated over the same period. The fall in quality of public housing mainly took the form of smaller structures and a decline in the quality of building materials in the floor and walls.
The fall in quality, however, was matched by a fall in price, and hence the qualityadjusted price did not rise. Furthermore, we show that public housing would not be produced more cheaply in the private sector. This suggests that the decline in quality can be attributed more to cost cutting (presumably instigated by the government) rather than contracting and monitoring problems between the government and construction companies.
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Appendix (to be made available online)
The exclusion criteria we applied for rooms, bed, and floor are shown in Table A1 . For area, csm, and cost we excluded in each year the lower and upper 1%-quantile, see Table A2 . Note: The variable cost per square meter (CSM) is used to help delete outliers. However, it is not used as an explanatory variables in our hedonic models.
After the exclusion of outliers our we are left with a data set consisting of 215 328
observations. Table A3 shows the number of observations and the distribution of characteristics per year. The number of observations per province per year are shown in Table A4 .
Our main focus is on real price indexes. The corresponding nominal versions of 
